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J. Marcela Soto Beltran,5 Jeffrey E. Call,3 Yanhong Liu,3
Anna C. S. Porto-Fett,3 and John B. Luchansky3

Brazilian Agricultural Research Corporation (Embrapa), Labex, Beltsville, Maryland1; Embrapa,
Dairy Cattle National Research Center, Juiz de Fora, Minas Gerais, Brazil2; U.S. Department of

Agriculture, ARS, Eastern Regional Research Center, MFSRU, Wyndmoor, Pennsylvania 190383;
Federal University of Minas Gerais, Veterinary School, Belo Horizonte, Minas Gerais,

Brazil4; and Centro de Investigación en Alimentación y
Desarrolo, Unidad Culiacán, Mexico5

Received 6 August 2007/Accepted 14 May 2008

A study was designed to recover Listeria monocytogenes from pasteurized milk and Minas frescal cheese
(MFC) sampled at retail establishments (REs) and to identify the contamination source(s) of these products
in the corresponding dairy processing plant. Fifty milk samples (9 brands) and 55 MFC samples (10 brands)
were tested from REs located in Juiz de Fora, Minas Gerais, Brazil. All milk samples and 45 samples from 9
of 10 MFC brands tested negative for L. monocytogenes; however, “brand F” of MFC obtained from REs 119 and
159 tested positive. Thus, the farm/plant that produced brand F MFC was sampled; all samples from the
milking parlor tested negative for L. monocytogenes, whereas several sites within the processing plant and the
MFC samples tested positive. All 344 isolates recovered from retail MFC, plant F MFC, and plant F environ-
mental samples were serotype 1/2a and displayed the same AscI or ApaI fingerprints. Since these results
established that the storage coolers served as the contamination source of the MFC, plant F was closed so that
corrective renovations could be made. Following renovation, samples from sites that previously tested positive
for the pathogen were collected from the processing environment and from MFC on multiple visits; all
tested negative for L. monocytogenes. In addition, on subsequent visits to REs 159 and 119, all MFC
samples tested negative for the pathogen. Studies are ongoing to quantify the prevalence, levels, and types
of L. monocytogenes in MFC and associated processing plants to lessen the likelihood of listeriosis in Brazil.

Latin-style soft cheese, such as queso fresco (QF), has been
identified in risk assessments by U.S. regulatory agencies as a
food of greater concern to public health (www.foodsafety.gov
/�dms/lmr2-toc.html) due to listeriosis. Listeria monocytogenes
has also been isolated from Latin-style soft cheese from South
America, notably from Minas frescal cheese (MFC) in Brazil.
For example, Destro et al. (13) found 2 of 20 samples (10%) of
MFC made with pasteurized milk to be positive for L. mono-
cytogenes. Delgado da Silva et al. (11) recovered L. monocyto-
genes from 7 of 17 samples (41%) of MFC made from raw milk
and from 1 of 33 samples (3%) of MFC made from pasteurized
milk. As another example, Carvalho et al. (6) recovered L.
monocytogenes from 3 of 93 samples (3%) of MFC made with
pasteurized milk. All positive samples were obtained from
MFC manufactured using the traditional method plus the ad-
dition of lactic acid. The Brazilian standard of identity of the
Common Market of the South (Mercosul) (31) defines MFC as
a fresh cheese obtained by the enzymatic coagulation of milk
with rennet and other appropriate coagulation enzymes; the

use of lactic acid bacteria to complement the coagulation step
is optional. The relatively high moisture content (55 to 58%)
and pH levels (pH 5.0 to 6.3), low salt content (1.4 to 1.6%; the
addition of salt is optional), absence of defined starter cultures,
and considerable hand manipulation during manufacture by
small and very small processors are factors that may all con-
tribute to providing a favorable environment for contamina-
tion and survival/growth of L. monocytogenes in MFC (11, 35).
However, despite their compositional similarities in moisture,
salt content, and pH levels, unlike QF, which has caused hu-
man illness in the United States, MFC and other dairy prod-
ucts/food in Brazil have not been linked to listeriosis (19, 20),
presumably because it is not listed in the National Notifiable
Diseases Surveillance System as a disease of compulsory or
immediate notification and/or because there is not a compre-
hensive surveillance network in Brazil to survey foods for this
bacterium (4).

Numerous investigations on the presence, levels, and types
of L. monocytogenes in pasteurized milk have been conducted.
For example, Frye and Donnelly (15) conducted a survey for L.
monocytogenes in pasteurized whole milk, nonfat milk, and
chocolate milk produced in the United States. Of 5,519 sam-
ples tested over a five-week period beginning in June 2000,
only 1 of 1,846 (0.018%) nonfat milk samples tested positive
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for this pathogen. Jayarao et al. (21, 22) isolated L. monocy-
togenes from 6 of 131 (5%) bulk tank milk (BTM) samples in
eastern South Dakota and western Minnesota, and in a sepa-
rate survey of food-borne pathogens conducted with 248 dairy
herds in 16 counties in Pennsylvania, they reported that 3 of
248 (1%) corresponding BTM samples tested positive for this
pathogen. In contrast, Casarotti et al. (7) did not find any
species of Listeria in 20 samples each of raw milk, pasteurized
milk, or MFC from retail establishments (REs) in Piracicaba,
São Paulo, Brazil. Likewise, Nero et al. (33) did not recover L.
monocytogenes from single raw milk samples from each of 210
small- to medium-sized dairy farms located in five states rep-
resenting the three main milk-producing regions in Brazil.
Several factors, such as the laboratory procedures performed,
including their sensitivity and specificity, and the nature and
number of samples tested, could, at least in part, explain the
differences in the prevalence of L. monocytogenes among these
various studies.

L. monocytogenes is also widespread on farms (34, 44) and in
dairy-processing environments (10, 23, 30, 32, 36, 43). For
example, Kabuki et al. (23) examined environmental and
cheese samples from three Latin-style fresh cheese processing
plants in New York City over a total of four visits to each plant.
They recovered L. monocytogenes from 27 of 246 (11%) envi-
ronmental samples from these processing plants. However,
only finished products from one plant (7 of 24 [29%]) tested
positive for L. monocytogenes. In a study conducted of two
MFC processing plants in Bahia, Brazil, Silva et al. (39) iso-
lated L. monocytogenes in one of the plants from raw milk (one
of six samples was positive) and from the floor of the cheese
refrigeration room (one of two samples was positive) from
among a total of 118 samples representing the environment
sites, food contact surfaces, and cheese. It was not possible to
isolate the pathogen from among 100 similar samples that were
tested in the second plant. More importantly, L. monocytogenes
was not recovered from any of the cheese sampled from either
of these two facilities.

Based on the association of L. monocytogenes with raw and
pasteurized milk, dairy farms, cheese processing plants, and
MFC and, in turn, on the potential threat of listeriosis, the
primary objective of this study was to determine the prevalence

and levels of L. monocytogenes in pasteurized milk and in MFC
manufactured by a number of different processors in Brazil. A
secondary objective was to conduct molecular characterization
of any isolates retained from this survey to determine if there
are persistent types, as well as to identify possible sources of
contamination in the corresponding dairy processing plants so
that corrective actions could be taken.

MATERIALS AND METHODS

Retail sampling. A total of 50 pasteurized milk samples representing nine
different brands (brands 1 to 9, five to seven samples per brand) were obtained
from 37 separate REs (Table 1), chosen by stratified random sampling, located
in five of eight areas of Juiz de Fora, Minas Gerais, Brazil. Fifty-five samples of
MFC representing 10 brands (brands A to E and G to J, 5 samples per brand;
brand F, 10 samples per brand) were obtained from 24 of these same 37 REs
(Table 1). Both the milk and cheese samples were obtained at REs between June
and October 2005 (dry/cold season). In addition, MFC was also obtained during
two visits to RE 159 (one sample per visit) and four visits to RE 119 (six samples
total) between January and March 2006. Samples were placed on ice and trans-
ported in cooler boxes to the Embrapa Dairy Cattle Microbiology Laboratory
(Juiz de Fora, Brazil) for microbiological analyses where they were stored at 4°C
and analyzed within 24 h of collection essentially as described by Hickey et al.
(18).

Dairy processing plant sampling. Plant F was surveyed for the pathogen
during October 2005 (Fig. 1). Five of the 33 samples were from MFC and the
remaining 28 were from raw milk, pasteurized milk, and the plant environment.
Following corrective renovations of plant F, an additional 126 environmental
samples (29 per each of the three visits in December 2005, March 2006, and June
2006 and 39 samples in October 2006) were examined. An additional 5 MFC
samples (15 total MFC samples) obtained directly at plant F during each visit
in March, June, and October 2006 were also examined for the presence of the
pathogen.

Manufacture of MFC. In October 2005, plant F processed approximately 400
liters of milk each day from a herd owned by the cheese manufacturer that was
located immediately adjacent to the plant. The herd contained 25 lactating
crossbred cows (Holstein � zebu cattle). Milk was transferred in eight sanitized
stainless steel vessels at ambient temperature to the dairy plant immediately after
the milking that occurred twice each day. The MFC was manufactured essentially
as described by Silva et al. (39) with only slight modifications. Briefly, milk was
pasteurized (63°C for 30 min) in a double-walled tank and left to cool to 32°C in
the same tank (Fig. 1A). Calcium chloride (20 g/100 liters of milk) (Produtos
Macalé Ltda., Juiz de Fora, MG, Brazil) was added, followed by the addition of
rennet (1%) (Chymax; Chr. Hansen Ind. e Com. Ltda., Valinhos, SP, Brazil); the
mixture was held at 35°C for 40 min to promote curd formation. The curd was cut
gently into small cubes with the aid of a cutter composed of a wire string on a
steel frame before the whey was drained using a strainer made of plastic. The
resulting curd was placed into perforated circular cylindrical plastic molds (10 or

TABLE 1. REs in Juiz de Fora where pasteurized milk and MFC samples were obtained from June to September 2005

Region of Juiz de Fora
Total no. of

REs per
region

No. of milk samples takena

(no. of REs)
No. of cheese samples taken

(no. of REs)

Central (mid) 38 7, 17, 90, 114, 115, 128, 144, 169 (8) 7, 17, 90, 114, 128, 144, 169 (7)
Central (north) 21 95, 142, 151, 154, 160, 170, 171, 172, 173 (9) 142, 151, 154, 172 (4)
Central (south) 24 45, 49, 147, 164, 165, 166, 167 (7) 45, 49, 147, 164 (4)
North 0 0 0
Northeast 3 0 0
Northwest 19 65, 158, 159, 161, 162, 163 (6) 65, 158, 159,b 162 (4)
West 11 32, 155, 156 (3) 155, 156 (2)
Southeast 0 0 0
South 12 119, 168 (2) 119b (1)
East 22 118, 157 (2) 118, 157 (2)

Total 150 37 24

a Thirteen REs were unique for milk samples.
b Positive result for L. monocytogenes in MFC.
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1-teat cups
2-milk filters
3-rinse water
4-milk can
5-milk can

6-raw milk
7-tap water
8-milk can
9-pasteurizer

10-cheese vat

11-workbench
12-floor and wall
13-tap water
14-curd filter
15-hands of worker
16-hand wash bucket
17-curd bucket
18-cheese molds

Cooler-A

Cooler-B

Cooler-C

To Coolers
A, B, C

Cooler-C

Cooler-A

Cooler-B 20-cooler B

21-cooler 
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cooler A
23-condensate from cooler A
24-condensate from cooler B

29-cheese #1
30-cheese #2
31-cheese #3
32-cheese #4
33-cheese #5

25-whey from bench
26-whey from sink
27-cheese mold
28-cheese mold

To Retail and 
Coolers

19-cooler A

MFC from Plant F 
shipped to retail

A

B

FIG. 1. Diagram of plant F cheese processing plant. (A) Arrows indicate the flow of milk from the milking parlor to the cheese vat to form the curd, then
to the sink/table to place the curd in the molds, and then to the coolers/refrigeration units for overnight storage on day 1 of production. (B) Thin arrows show
the flow of cheese from the coolers/refrigeration units to the sink/table for removal from the molds and subsequent packaging on day 2 of production. Thick
arrows show the flow of cheese after packaging either back to the coolers/refrigeration units for storage or for shipment from the plant to REs.
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15 cm in diameter) (Produtos Macalé Ltda.) without the use of cheesecloth. The
cheese was surface salted twice on each exposed side/face of the MFC (approx-
imately 0.75% [wt/wt] NaCl on each side after reversing/inverting the containers
every 15 min each of two times). Next, and without being pressed, the molds
containing the curd were stored on trays that were placed inside three chest-type
coolers/refrigeration units that were covered and maintained at approximately
4°C for 18 to 24 h to increase the firmness of the curd/cheese. The molds were
removed on day 2 (Fig. 1B) from the coolers and placed onto the same sink
where the cheese was hooped on day 1, so that the cheese could be removed from
the molds and the excess whey could be drained. Lastly, the cheese was placed
into plastic bags, 18 cm by 24 cm (ca. 500 g MFC) or 20 cm by 30 cm (ca. 1,000
g MFC), that were sealed with a twist tie and stored in the chest coolers for up
to 24 h or transported directly to the marketplace for sale.

Isolation and identification of L. monocytogenes. Pasteurized milk (1,000 ml)
and cheese (500 g) samples were collected as finished packaged products at the
above-mentioned REs. Swabs (CB Products, São Paulo, SP, Brazil) were used to
sample teat cups and buckets from the milking parlor and associated equipment,
as well as from the floor, wall, sink, coolers, milk pasteurization vat, cheese
molds, and trays that had direct or indirect contact with MFC, essentially as
described previously (18). Two swabs were used to sample a 50-cm2 area, and this
process was repeated five times by passing the same two swabs over the same
surface area of each sample. The swabs were placed in sterile tubes containing 10
ml of brain heart infusion broth (Difco Laboratories, Sparks, MD) for transport
to the laboratory on ice. Five milliliters of brain heart infusion broth was trans-
ferred to 45 ml of Listeria enrichment broth (LEB; Difco), and the contents were
mixed at room temperature for 1 min using a stomacher (model MK 1204; ITR
Instrumentos para Laboratórios Ltda., Esteio, RS, Brazil). Each sample was
incubated at 30°C for 48 h. For MFC (25 g) and for test samples that were liquids,
such as milk, whey, water from the sinks, and rinse water from the buckets used
to transport milk (25 ml of each liquid sample), the samples were aseptically
added to 225 ml of LEB, mixed as described above, and incubated at 30°C for
48 h (detection limit � �1 CFU per sample).

After incubation, a loopful of each LEB sample was transferred to Palcam
selective agar (Difco) and to modified Oxford agar (Oxoid Ltd., Basingstoke,
Hampshire, United Kingdom) plates. The plates were incubated at 35°C and
examined for the presence of Listeria-like colonies after 24 and 48 h. From each
selective agar plate, five presumptive Listeria colonies were streaked onto tryp-
ticase soy agar (Acumedia, Baltimore, MD) with 0.6% yeast extract (Oxoid). The
plates were incubated for 48 h at 30°C. Select isolates were examined for Gram’s
reaction, catalase production, nitrate reduction, and motility on SIM medium, as
well as for hemolysis and the CAMP reaction on 5% sheep blood agar (1).
Isolates were further confirmed to be L. monocytogenes via PCR using primers
targeting hlyA and genes 1 and 2 (2, 24).

Enumeration of L. monocytogenes from MFC. Levels of L. monocytogenes in all
five cheese samples obtained directly from plant F in October 2005 were deter-
mined as follows: a single 25-g portion was removed and transferred to a bag
containing 225 ml of 2% sodium citrate solution, and following homogenization
for 2 min at room temperature in a stomacher, each sample was serially diluted
in 0.1% sterile peptone water and a total of 333 �l of the diluted sample was
spread plated onto each of three modified of Oxford agar plates. The plates were
incubated for 48 h at 35°C (detection limit of �10 CFU per 25 g of MFC).

Pulsed-field gel electrophoresis (PFGE). Molecular subtyping was conducted
using AscI and ApaI (New England Biolabs Inc., Ipswich, MA) in accordance
with the standardized CDC PulseNet protocol (17), essentially as described by
Gilbreth et al. (16). The AscI-digested DNA from a laboratory control strain of
L. monocytogenes (MFS1435; pulsotype 84; serotype 1/2a) was included as a
reference on all gels. Pattern images were acquired using a Bio-Rad Gel Doc
system with the Multi-Analyst software program (version 1.1; Bio-Rad, Hercules,
CA) and compared using the Applied Maths BioNumerics software package
(version 4.0; Saint-Martins-Latem, Belgium). Pattern clustering was performed
using algorithms within BioNumerics, specifically the unweighted-pair group
method using arithmetic averages and the Dice correlation coefficient with a
position tolerance of 1.0%.

Serotyping. Isolates were serotyped using both a multiplex PCR assay (14)
designed to identify serotypes 4b, 1/2a, and 1/2b strains and a commercially
available antibody-based serotyping kit (Denka Seiken Co., Tokyo, Japan).
Strains MFS-53 (F2365; serotype 4b; isolated from Jalisco cheese) (29), MFS-96
(H7858; serotype 4b; isolated from frankfurters) (9), MFS-98 (H7969; serotype
4b; isolated from frankfurters) (9), MFS-110 (F6854; serotype 1/2a; isolated from
turkey frankfurters) (8), and MFS-108 (ATCC 19116; serotype 4c; isolated from
chicken) (3) were used as controls.

RESULTS

Our survey of 37 REs in Juiz de Fora revealed that all 50
pasteurized milk samples and cheese from 9 of 10 MFC brands
tested negative by enrichment (�1 CFU per sample) for L.
monocytogenes. However, between June and October 2005,
60% (6 of 10 samples) of MFC from one brand, brand F, tested
positive. More specifically, four of six samples from RE 119
and two of four samples from RE 159 tested positive. This
corresponds to a brand prevalence of 10% (1 of 10 brands) and
an MFC prevalence of 11% (6 of 55 total MFC samples).
Proximate composition analyses of the commercial MFC
showed on average a relatively high moisture content of 56.4%
(54.9 to 58%) and pH levels of 6.09 (pH 4.91 to 6.76), a low salt
content of 0.85% (0.41 to 1.14%), a total solids content of
41.1% (35.4 to 45.1%), and a lipids content of 19% (17.0 to
22.5%), as is typical/expected for this type of cheese.

After finding that only one brand of cheese was contami-
nated with L. monocytogenes, our team in Juiz de Fora worked
through proper channels to share our findings with the owner
of plant F and with authorities at the Minas Gerais State
Service for Veterinary and Phytosanitary Supervision (Insti-
tuto Mineiro de Agropecuária [IMA]/Inspeção e Fiscalização
de Produtos de Origem Animal). To their credit, the producer
was keenly interested in working with us and with the local
authorities to identify the source(s) of contamination and
make the necessary modifications to correct the problem. Dur-
ing the initial visit to the plant F farm/dairy in October 2005
(Fig. 1), all five samples taken from the milking parlor (bulk
tank milk, teat cups, filters, milk buckets, and rinse water
obtained from buckets used to carry milk) tested negative by
enrichment for L. monocytogenes. However, all five samples of
MFC obtained directly at plant F tested positive for the patho-
gen. L. monocytogenes was present at levels ranging from 2.48
to 4.28 log10 CFU/g (average � 3.64 log10 CFU/g) in these five
samples. Perhaps more importantly, 10 of the 23 environmen-
tal samples taken from food contact and nonfood contact areas
in the processing plant (floors, walls, sinks, refrigeration units,
cheese molds, and liquid on trays, in sinks, and in refrigerators)
tested positive (Fig. 1). Therefore, we studied both the plant
design and cheese-making protocol to narrow down the most
likely source(s) of contamination. Regarding the latter, as
shown in Fig. 1, all samples which tested positive for the patho-
gen were sites related to day 2 of manufacturing. Areas asso-
ciated with contamination were the coolers/refrigeration units
wherein the cheese was stored overnight and sites that came in
contact with the cheese after it was taken from the coolers/
refrigeration units, such as the molds and sink area where the
cheese was removed from the molds on day 2 of production.
These data suggested that the excess fluid/whey within the
coolers served as a point source of contamination. This hy-
pothesis was further corroborated by the results obtained by
PFGE fingerprinting of the retained isolates from each positive
sample (see below).

Plant F remained closed from October through December
2005, and no cheese was produced or sold, so that renovations
could be made to this facility. As shown in Fig. 2, in general,
most of the changes made were neither extensive nor costly.
For example, broken floor and wall tiles were replaced, foot
baths and sinks were installed both within and outside of the
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plant (Fig. 2A), windows and doors were replaced and/or prop-
erly sealed, and new sinks (Fig. 2B) and coolers/refrigeration
units (Fig. 2C) were purchased and installed. In total, these
modifications/renovations cost the owners of plant F less than
US$5,000. This is arguably only a modest cost, considering it
eliminated the source/niche of L. monocytogenes contamina-
tion and ultimately increased the amount of product made and
the profitability for the producer, as well as enhanced the
safety and wholesomeness of MFC produced at plant F.

After the renovations were completed, 29 sites in the plant
environment were tested in December 2005 and found to be
negative for L. monocytogenes. Based on our data showing
the absence of L. monocytogenes in the plant environment, the
local authorities gave approval for the plant to reopen. For the
purposes of this research project, these same 29 sites were
tested in March and June 2006 and an additional 10 sites, for
a total of 39 sites, were tested in October 2006; all 97 samples
tested negative for the pathogen. In addition, five MFC sam-

FIG. 2. Photographs of plant F before and after renovations. (A) Coolers used for storage of MFC. (B) Cheese processing area. (C) Main entrance.
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ples were obtained directly from plant F during the visits in
March, June, and October 2006; all 15 samples tested negative
for the pathogen. Furthermore, between January and March
2006, we returned to REs 119 (six samples over four visits) and
159 (one sample on each of two visits) and purchased MFC
produced by plant F; all eight samples tested negative for the
pathogen.

A total of 344 isolates of L. monocytogenes (5 to 20 isolates
per positive sample) from retail cheese (6 samples; 88 isolates),
cheese obtained directly from plant F (5 samples; 97 isolates),
and environmental sites within plant F (10 samples; 159 iso-
lates) were retained and further characterized. All 344 L.
monocytogenes isolates displayed the same AscI (and ApaI)
restriction endonuclease profile (REDP) which was designated
as REDP 9 for AscI (Fig. 3). A subset of 24 isolates represent-
ing each sample type testing positive for the pathogen was
confirmed as serotype 1/2a by both PCR and serological assays.
As an aside, four representative serotype 1/2a isolates display-
ing REDP 9 were confirmed as DUP-1046 via automated ri-
botyping with EcoRI (RiboPrinter microbial characterization
system; DuPont Qualicon, Wilmington, DE) (data not shown).

DISCUSSION

There is relatively little information about food-borne dis-
eases in Brazil. The most-recent official data (4) refer to the
period from 1999 to 2004 wherein the etiology was not estab-
lished in 2,989 of 3,737 (80%) of the reported outbreaks; L.
monocytogenes was not included in these statistics. Although L.
monocytogenes is widespread in nature as well as in the dairy
environment, our results and those of other investigators con-
firm that pasteurized milk is not a common source of this
pathogen in Brazil (7, 39). However, our data also confirmed
that MFC can be a source of L. monocytogenes to consumers
even when it is prepared with pasteurized milk (6, 13, 11). The
observed brand prevalence of 10% and MFC prevalence of
11% pertain specifically to the Juiz de Fora region of Brazil
and may or may not be reflective of the “true” prevalence of
L. monocytogenes in QF in other regions of Brazil or in other
areas of the world. Our data established that plant F was the
origin of contamination but did not totally exclude the possi-
bility that MFC could also be contaminated at REs. Regard-
less, the fact that all 344 isolates displayed an indistinguishable
PFGE pattern indicated a point source of contamination.
Moreover, this specific pulsed-field profile, namely REDP 9, is
unique among some 700 strains and some 70 REDP in our
database. It is also of interest that strains displaying REDP 9

were subsequently ribotyped as DUP-1046. Sauders et al. (37)
recovered DUP-1046 strains from ready-to-eat whitefish salad
in New York state, and Manfreda et al. (27) recovered DUP-
1046 strains from gorgonzola cheese in Lombardia, Italy. Al-
though such strains have been associated with foods, it does
not appear that they have been responsible for listeriosis (38).
Thus, it would be interesting to further characterize such
strains to determine their virulence potential and/or response
to food processing and storage conditions relative to their
ability to persist in foods and cause human illness. In addition,
all isolates belonged to the same serotype, 1/2a, which is the
second most frequent serotype recovered from clinical listeri-
osis in humans and the most frequent serotype found in dairy
products in Brazil (19, 20). Although no illnesses were linked
to the MFC produced by plant F, with the possible exception of
an outbreak of febrile gastroenteritis in Sweden due to con-
sumption of fresh cheese contaminated with a serotype 1/2a
strain (5), previous listeriosis outbreaks linked to Latin-style
soft cheeses have been caused by serotype 4b strains of L.
monocytogenes.

Our study and others (30, 32, 44) show the importance of
finding specific niches wherein L. monocytogenes can survive in
the food-processing environment to more specifically direct
the cleaning, disinfection, and renovation/repair efforts to
these sites. No L. monocytogenes isolates were detected in raw
milk, pasteurized milk, curd, or whey samples collected before
the storage of cheese in the coolers/refrigeration units. This
indicates that raw milk was not the source of the pathogen at
the time of sampling, thus further confirming the low preva-
lence or absence of L. monocytogenes in raw milk from Brazil-
ian herds (7, 33, 39). However, even if L. monocytogenes were
present in raw milk, pasteurization would eliminate it. Like-
wise, Menendez et al. (30) recovered L. monocytogenes from 1
of 20 raw milk samples but not from 19 samples of pasteurized
milk, curd, and whey. In this same study, L. monocytogenes was
recovered from 8 of 31 samples obtained from several sites in
the manufacturing area and in the ripening rooms (30), indi-
cating the possibility of postpasteurization contamination. The
introduction of L. monocytogenes into cheese via contaminated
raw milk was also considered the cause of contamination of
fresh Mexican-style cheese in California that resulted in 142
cases of human listeriosis and 48 deaths (25), as well as another
outbreak in Winston-Salem, NC, in 2000 that resulted in 13
cases and 5 deaths (26).

The association of the production plant environment and
equipment as primary sources of L. monocytogenes contamina-
tion in foods is common (23, 36). Moreover, inoculation of

FIG. 3. Schematic representation of AscI- and ApaI-generated PFGE restriction patterns for L. monocytogenes strains isolated from a sample
of MFC and from the coolers/refrigeration units. L. monocytogenes MFS1435 (serotype 1/2a) was used as the reference standard (Lm standard).
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milk with L. monocytogenes confirmed that the pathogen sur-
vived the making of Mexican-style cheese (40). Suggestions of
postprocessing contamination of MFC with L. monocytogenes
have also been made (11, 12). These data indicate that L.
monocytogenes contamination may occur both during and after
cheese processing. In our case, contamination occurred during
the cold storage of MFC. This assumption was based on the
recovery of the pathogen only after the processed cheese was
kept in the coolers/refrigeration units overnight. Moreover, all
isolates of L. monocytogenes recovered from MFC obtained
from both REs and directly from plant F displayed the same
PFGE profile as that of isolates recovered from coolers/refrig-
eration units, the sink, cheese molds, and excess liquid found
on trays. One could also surmise that the persistence and
proliferation of the pathogen was facilitated by the cold stor-
age conditions.

Our approach to control L. monocytogenes in the dairy plant
was similar to that described by others (30, 32, 42) in the sense
that improved sanitary practices, and to some extent structural
changes to the plant, were made to eliminate any source of
contamination or nonhygienic handling during manufacturing
or storage. In our study, contamination was most likely con-
fined to the storage environment, since replacement of two of
the three refrigeration units eliminated the pathogen from
within plant F. Whereas we eliminated L. monocytogenes from
the plant, Unnerstad et al. (42) reported a decrease in the
number of positive samples but not a complete elimination of
the problem. Based on the continuing recovery of strains dis-
playing the same serotype, 3b, from both cheese and the dairy
plant environment, they suggested that some clones of L.
monocytogenes survived in this environment for at least 7 years.
In another study designed to characterize L. monocytogenes
recovered from an ice cream plant, it was found that a pre-
dominate PFGE type persisted in this plant for 7 years (32). In
our case, we were not able to recover L. monocytogenes from
the finished product or from the plant environment for 12
months following the interventions that were made. Either our
strain was transient in the dairy environment and/or the source
of contamination was eliminated via renovation and by improv-
ing hygienic measures. Our data also indicate that the point
source of contamination was the refrigeration units where
cheese and other products were stored during and after pro-
cessing. Cotton and White (10) reported that 12 of 16 samples
from fluid milk plants that were positive for L. monocytogenes
were obtained from the cooler, and they and others reported
that recovery of this pathogen from cheese kept at refrigerated
temperatures is not uncommon (41, 43). Success at control-
ling L. monocytogenes in dairy plants may vary, since it
depends on a multiplicity of factors, as discussed herein and
elsewhere by others (23, 43).

Our results validated that systematic culturing and analyses
of products and processing facilities can identify areas that
harbor L. monocytogenes. In addition, we also demonstrated
that it is possible, with appropriate interventions, to eliminate
harborage points within a food processing facility. Studies are
ongoing to quantify the prevalence, levels, and types of L.
monocytogenes on dairy farms and in dairy processing plants to
better manage the threat of listeriosis in Latin-style fresh
cheese.
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frescal. Comunicado Técnico 12:1–4. Universidade Federal do Piauı́, Centro
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